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(57) ABSTRACT

A display apparatus includes a plurality of pixels arranged in
amatrix. Each pixel includes a light emitting device, a driving
transistor for supplying a driving current to the light emitting
device, a first switching transistor coupled with the control
terminal of the driving transistor to transmit a data voltage,
and a second switching transistor coupled with the control
terminal ofthe driving transistor to transmit a reverse voltage.
The first and second switching transistors are alternately
coupled with scanning lines driven by one of two scanning
drivers, and are alternately turned on at different times. The
display apparatus periodically applies the reverse voltage to
the driving transistors to turn off the diving transistors and to
compensate for variation of the threshold voltage of the driv-
ing transistors.
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DISPLAY APPARATUS AND DRIVING
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2005-0092410, filed on
Sep. 30, 2005, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display apparatus and a
driving method thereof, and more specifically, to an organic
light emitting diode device and a driving method thereof

2. Discussion of the Background

Recently, research has been conducted into flat display
devices that are capable of replacing cathode ray tube (CRT)
display devices. One type of flat display apparatus, the
organic light emitting diode (OLED) device, has a wide view-
ing angle and high quality brightness. Therefore the OLED
device is being developed as a next generation flat display
device.

In active matrix flat display devices, a plurality of pixels
may be arranged along rows and columns of a matrix, and an
intensity of light emitting from the pixels may be controlled
according to information signals. When the information sig-
nals are transmitted to the pixels, light with a brightness
corresponding to the data in the information signals is emitted
from a plurality of pixels on the flat display device. From a
viewer’s perspective, the light coming from the flat display
device forms an image. The OLED device is a display device
that electrically excites phosphorous organic electrolumines-
cent materials to emit light, thus forming an image on the
display device. As a self-emitting apparatus with low power
consumption, a wide viewing angle, and a high response
speed, the OLED device can display a high quality moving
image.

The OLED device includes organic light emitting diodes
(OLEDs) and thin film transistors (TFTs) that control the
signals driving the OLEDs. A TFT may be classified as a
polysilicon TFT or an amorphous silicon TFT according to
the type of active layer in the TFT. Due to several advantages,
OLED devices employing the polysilicon TFTs have been
generally used. However, manufacturing processes for poly-
silicon TFTs can be complex, and thus, production costs may
increase. In addition, it may be difficult to manufacture a large
display device by using the OLED devices with polysilicon
TFTs.

By using the OLED devices with amorphous silicon TFTs,
a large screen may be more easily obtained. In addition, the
number of production processes for the manufacture of an
OLED device with amorphous silicon TFTs may be fewer
than the number of production processes for an OLED device
with polysilicon TFTs. However, because amorphous silicon
TFTs in a pixel may continuously supply a current to the
pixel’s OLED, the threshold voltage of an amorphous silicon
TFT may deteriorate. Further, even though a single data volt-
age may be applied, a deteriorated threshold voltage may
result in non-uniform current flowing to the OLED in the
pixel, so that the image quality of the OLED device may
deteriorate.

The above information disclosed in this Background sec-
tion is provided for the sole purpose of enhancing the under-
standing of the background of the present invention. There-
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2

fore, this Background section may contain information that
does not form the prior art known in this country to a person
of ordinary skill in the art.

SUMMARY OF THE INVENTION

This invention provides a display apparatus and driving
method. In a first sub-frame of the driving method, an image
is formed on a first half of the display apparatus pixels and in
a second sub-frame, an image is formed on a second half of
the display apparatus pixels in alternating rows.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

The present invention discloses a display apparatus includ-
ing a plurality of pixels arranged in a matrix. Each pixel ofthe
plurality of pixels includes a light emitting device, a driving
transistor for supplying a driving current to the light emitting
device, a first switching transistor coupled with the driving
transistor to transmit a data voltage, and a second switching
transistor coupled with the driving transistor to transmit a
reverse voltage. Further, the first switching transistor and the
second switching transistor are turned on at different times.

The present invention also discloses a method of driving a
display apparatus including a plurality of pixels arranged in a
matrix, of which each pixel includes a light emitting device
and a driving transistor for supplying a current to the light
emitting device. The method includes first applying compris-
ing applying a data voltage to the driving transistors of the
pixels in a first pixel row and applying a reverse bias voltage
to the driving transistors of the pixels in a second pixel row.
The method also includes second applying comprising apply-
ing the data voltage to the driving transistors of the pixels in
the second pixel row and applying the reverse bias voltage to
the driving transistors of the pixels in the first pixel row.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 shows a block diagram of an OLED device accord-
ing to an exemplary embodiment of the present invention.

FIG. 2 shows an equivalent circuit diagram of a pixel in the
OLED device according to an exemplary embodiment of the
present invention.

FIG. 3 shows a cross-sectional view of a driving TFT and
an OLED of a pixel of the OLED device according to an
exemplary embodiment of the present invention.

FIG. 4 shows a schematic view of an OLED of the OLED
device according to an exemplary embodiment of the present
invention.

FIG. 5 shows a wave form chart illustrating an operation of
an OLED device according to an exemplary embodiment of
the present invention.



US 7,742,025 B2

3

FIG. 6 shows a schematic view of a screen of the OLED
device on which an image is displayed according to FIG. 5.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The invention is described more fully hereinafter with ref-
erenceto the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

It will be understood that when an element such as a layer,
film, region or substrate is referred to as being “on” another
element, it can be directly on the other element or intervening
elements may also be present. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present.

FIG. 1 shows a block diagram of an OLED device accord-
ing to an exemplary embodiment of the present invention, and
FIG. 2 shows an equivalent circuit diagram of a pixel of the
OLED device according to the exemplary embodiment of the
present invention.

Referring to FIG. 1, the OLED device according to the
exemplary embodiment of the present invention may include
a display panel 300, a first scanning driver 400, a second
scanning driver 700, a data driver 500, and a signal controller
600.

As seen in the equivalent circuit diagram, the display panel
300 may include a plurality of display signal lines G, to G,,,
G'; 10 G, and D, to D,,, a plurality of driving voltage lines
(not shown), and a plurality of pixels PX that are arranged
substantially in a matrix, and coupled with the display signal
lines and the driving voltage lines. The pixels PX in the matrix
may be arranged substantially in a plurality of rows and a
plurality of columns.

The display signal lines G, to G,,, G', to G',,and D, to D,,
include a plurality of first scanning signal lines G, to G,, a
plurality of second scanning signal lines G'; to G',,, each of
which transmit scanning signals, and a plurality of data lines
D, to D,, that transmit data voltages. The first scanning signal
lines G, to G,, and second scanning signal lines G'; to G',,, may
extend substantially horizontally in the row direction, may
extend substantially parallel to each other, and may be sepa-
rated from each other. The data lines D, to D,, may extend
substantially vertically in the column direction, may extend
substantially parallel to each other, and may be separated
from each other.

The driving voltage lines may transmit driving voltages,
such as Vdd, to the pixels PX.

Referring to FIG. 2, each pixel PX, for example pixel PX of
the i-th row (i=1, 2, . . ., n) and the j-th column (=1, 2, . . .,
m), may include an organic light emitting device LD, a driv-
ing transistor Qd, a capacitor Cst, a first switching transistor
Qs1 and a second switching transistor Qs2.

An input terminal of the driving transistor Qd may be
coupled with driving voltage Vdd, and an output terminal
thereof may be coupled with a first electrode, which may be
an anode, of the organic light emitting device LD. A control
terminal of the driving transistor Qd may be coupled with an
output terminal of the first switching transistor Qs1 and the
output terminal of second switching transistor Qs2.
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An input terminal of the first switching transistor Qs1 may
be coupled with the data line Dj, and an output terminal
thereof may be coupled with a control terminal of the driving
transistor Qd. A control terminal of the first switching tran-
sistor Qs1 may be coupled with the second scanning signal
line G'1.

An input terminal of the second switching transistor Qs2
may be coupled with a reverse bias voltage Vneg, and an
output terminal thereof may be coupled with the control ter-
minal of the driving transistor Qd. The control terminal of the
second switching transistor Qs2 may be coupled with the first
scanning signal line G,.

However, first switching transistor Qs1 and second switch-
ing transistor Qs2 of a first pixel PX are coupled with the first
scanning signal line G, and the second scanning signal line G';
with connections opposite to those of a second pixel PX in the
row immediately after the row of the first pixel PX. For
example, the control terminal of the first switching transistor
Qs1 ofthe second pixel PX in the (i+1)-th row may be coupled
with the first scanning signal line G;,, 1. Further, the control
terminal of the second switching transistor Qs2 of the second
pixel PX in the (i+1)-th row may be coupled with the second
scanning signal line G, |.

The capacitor Cst may be coupled between the control
terminal and the input terminal of the driving transistor Qd.
The capacitor Cst may be charged to a voltage equal to a
voltage difference between the data voltage from the first
switching transistor Qsl, transmitted from data line Dj, and
the driving voltage Vdd.

The organic light emitting device LD may include an
OLED. The first electrode of the OLED, which may be an
anode, may be coupled with the output terminal of the driving
transistor Qd. The second electrode of the OLED, which may
be a cathode, may be coupled with a common voltage Vcom.
The organic light emitting device LD may emit light with an
intensity corresponding to an amount of a current I, ,, sup-
plied from the output terminal of the driving transistor Qd,
and the amount of the current I, , may depend on a magnitude
of a voltage Vgs (not shown) equal to the voltage difference
between the control terminal and the output terminal of the
driving transistor Qd.

The switching transistors Qs1 and Qs2 and driving transis-
tor Qd may be n-channel field effect transistors (FETS) made
of'amorphous silicon or polysilicon. Alternatively, switching
transistors Qs1 and Qs2 and driving transistor Qd may be
p-channel FETs. Since p-channel FETs and n-channel FETs
are complementary to each other, the operation, voltage, and
current of the p-channel FETs are opposite to those of the
n-channel FETs.

Now, structures of the driving transistor Qd and the organic
light emitting device LD of the OLED device shown in FIG.
2 will be described in detail with reference to FIG. 3 and FIG.
4.

FIG. 3 shows a cross-sectional view of a driving transistor
and an organic light emitting device of a pixel of the OLED
device shown in FIG. 2, and FIG. 4 shows a schematic view of
an organic light emitting device of the OLED device accord-
ing to an exemplary embodiment of the present invention.

A control electrode 124 may be arranged on an insulating
substrate 110. The control electrode 124 may be formed of an
aluminum-based metal such as aluminum (Al) and an alumi-
num alloy, a silver-based metal such as silver (Ag) and a silver
alloy, a copper-based metal such as copper (Cu) and a copper
alloy, a molybdenum-based metal such as molybdenum (Mo)
and a molybdenum alloy, chromium (Cr), titanium (Ti), or
tantalum (Ta). Additionally, the control electrode 124 may
have a multi-layered structure including two or more conduc-
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tive layers (not shown) having different physical properties.
Where at least two layers are included in control electrode
124, one conductive layer may be formed of a metal having
low resistivity, for example an aluminum-based metal, a sil-
ver-based metal, or a copper-based metal, in order to reduce
signal delay or voltage drop. Another conductive layer may be
formed of a material such as a molybdenum-based metal,
chromium, titanium, and tantalum having good physical,
chemical, and electrical contact characteristics with other
materials, particularly to ITO (indium tin oxide) and 1ZO
(indium zinc oxide).

As an example, control electrode 124 having a multi-lay-
ered structure may include a lower chromium layer and an
upper aluminum (alloy) layer, or a combination of a lower
aluminum (alloy) layer and an upper molybdenum (alloy)
layer. However, the control electrode 124 may be made of
various metals and conductive materials. The control elec-
trode 124 may be angled with respect to a surface of the
substrate 110, and the angle may be in a range of about 30° to
about 80°.

An insulating layer 140 made of, for example, a silicon
nitride SiNx may be arranged on the control electrode 124.

A semiconductor 154 made of hydrogenated amorphous
silicon (abbreviated as a-Si) or polysilicon may be arranged
on the insulating film 140.

A pair of ohmic contacts 163 and 165 made of silicide or an
n+hydrogenated amorphous silicon heavily doped with
n-type impurities may be arranged on the semiconductor 154.

Side surfaces of the semiconductor 154 and the ohmic
contacts 163 and 165 may be angled with respect to a surface
of'the substrate 110, and the angle may be in a range of about
30° to about 80°.

An input electrode 173 may be arranged on ohmic contact
163 and insulating film 140. An output electrode 175 may be
arranged on ohmic contact 165 and the insulating film 140.
The input electrode 173 and the output electrode 175 may
each be formed of chromium, a molybdenum-based metal, or
arefractory metal, such as tantalum or titanium, and may have
a multi-layered structure constructed with a lower layer (not
shown) including the refractory metal and an upper layer (not
shown) including a low resistance material disposed thereon.
As an example of the multi-layered structure, the input elec-
trode 173 or the output electrode 175 may be a two-layered
structure having a lower layer formed of chromium or molyb-
denum (alloy) and an upper layer formed of aluminum. As
another example of the multi-layered structure, the input elec-
trode 173 or the output electrode 175 may be a three-layered
structure having a lower layer formed of molybdenum (alloy),
an intermediate layer formed of aluminum (alloy), and an
upper layer formed of molybdenum (alloy). Similar to the
control electrode 124, side surfaces of the input electrode 173
and the output electrode 175 may be angled with respectto a
surface of the substrate 110, and the angle may be in a range
of about 30° to about 80°.

The input electrode 173 and the output electrode 175 may
be separated from each other and disposed at opposite sides of
the control electrode 124. The control electrode 124, the input
electrode 173, and the output electrode 175 together with the
semiconductor 154 constitute the driving transistor Qd, and a
channel thereof may be formed in the semiconductor 154
between the input electrode 173 and the output electrode 175.

The ohmic contact 163 may be interposed between the
underlying semiconductor 154 and the overlying input elec-
trode 173, and has a function of reducing contact resistance
between the input electrode 173 and the semiconductor layer
154. Similarly, the ohmic contact 165 may be interposed
between the underlying semiconductor 154 and the overlying
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output electrode 175, and has a function of reducing contact
resistance between the output electrode 175 and the semicon-
ductor layer 154. The semiconductor 154 may have an
exposed portion uncovered between the input electrode 173
and the output electrode 175.

A protective film (passivation layer) 180 may be arranged
on the input electrode 173, the output electrode 175, the
exposed portion of the semiconductor 154, and the insulating
film 140. The protective film 180 may be formed of an inor-
ganic insulating material or organic insulating material. An
upper surface of the protective film 180 may be planarized.
Examples of the inorganic insulating material may include
silicon nitride and silicon oxide. The organic insulating mate-
rial may have photosensitivity, and the dielectric constant of
the organic insulating material may be 4.0 or less. In order to
use the excellent properties of an organic insulating material
and protect the exposed portion of the semiconductor 154, the
protective film 180 may include a two-layered structure of a
lower inorganic insulating material and an upper organic
insulating material.

A pixel electrode 190 may be arranged on the protective
film 180. The pixel electrode 190 may be physically and
electrically coupled with the output electrode 175 through a
contact hole 185 in the protection film 180, and may be
formed of a transparent conductive material such as ITO and
170 or a metal having an excellent reflectance such as alumi-
num or a silver alloy.

In addition, partition walls 361 may be arranged on the
protective film 180. The partition walls 361 may surround the
pixel electrode 190 like a bank to define an opening, and may
be formed of an organic insulating material or inorganic insu-
lating material.

An organic light emitting device 370 may be arranged on
the pixel electrode 190, and the organic light emitting device
370 may be enclosed by the partition walls 361.

As shown in FIG. 4, the organic light emitting device 370
may have a multi-layered structure including a light emitting
layer (EML) and auxiliary layers for improving light emitting
efficiency ofthe light emitting layer. The auxiliary layers may
include an electron transport layer (ETL) and a hole transport
layer (HTL) that balance electrons and holes, and an electron
injecting layer (EIL) and a hole injecting layer (HIL) that
enhance injection of the electrons and the holes. All or a
portion of the auxiliary layers may be omitted.

A common electrode 270 applied with a common voltage
Vcom may be arranged on the partition walls 361 and the
organic light emitting device 370. The common electrode 270
may be formed of a reflective metal such as calcium (Ca),
barium (Ba), or aluminum (Al), or a transparent conductive
material such as ITO and IZO. Additionally, common elec-
trode 270 may be formed to correspond to a single row of
pixels or a single column of pixels. Alternatively, an OLED
device of an exemplary embodiment of the present invention
may have a second electrode formed on organic light emitting
device 370 wherein the second electrode may correspond to a
single pixel or to a single sub-pixel of the OLED device.

An opaque pixel electrode 190 and a transparent common
electrode 270 may be employed in a top emission type of
OLED device where an image is displayed in an upward
direction of the display panel 300. A transparent pixel elec-
trode 190 and an opaque common electrode 270 may be
employed in a bottom emission type of OLED device where
an image is displayed in a downward direction of the display
panel 300.

The pixel electrode 190, the organic light emitting device
370, and the common electrode 270 constitute the organic
light emitting device LD shown in FIG. 2. The pixel electrode
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190 may be the anode and the common electrode 27 may be
the cathode. Alternatively, the pixel electrode 190 may be the
cathode and the common electrode 27 may be the anode. The
organic light emitting device LD may emit light of a primary
color depending on a material of the organic light emitting
device 370. The primary color may be red, green, or blue. A
desired color other than a primary color may be obtained by a
spatial combination light emission of more than one primary
color from more than one sub-pixel.

Returning to FIG. 1, the first scanning driver 400 is coupled
with the first scanning signal lines G, to G,,. The second
scanning driver 700 is coupled with the second scanning
signal lines G'; to G',,, The first scanning driver 400 and the
second scanning driver 700 apply a scanning signal formed of
a combination of high voltages Von and low voltages Voffto
the scanning lines G, to G,, and G, to G',,, to turn the switch-
ing transistors Qsl and Qs2 on and off.

The data driver 500 is coupled with the data lines D1 to Dm
to apply the data voltage to the data lines D1 to Dm. The first
scanning driver 400, the second scanning driver 700, the data
driver 500, or a combination thereof may be directly mounted
on the display panel 300 in a form of at least one driving IC
chip. Alternatively, first scanning driver 400, the second scan-
ning driver 700, the data driver 500, or a combination thereof
may be attached as a tape carrier package (TCP) on a flexible
printed circuit film (not shown) in the display panel 300.
Alternatively, first scanning driver 400, the second scanning
driver 700, the data driver 500, or a combination thereof may
be arranged together with the signal lines and the transistors
on the display panel 300 to constitute a system-on-panel
(SOP).

The signal controller 600 may control operations of the
first scanning driver 400, the second scanning driver 700, and
the data driver 500.

The signal controller 600 may receive input image signals
R, G, and B and input control signals for controlling display
thereof from an external graphics controller (not shown). The
input control signals may include a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync, a
main clock signal MCLK, and a data enable signal DE. The
signal controller 600 processes the image signals R, G, and B
according to an operating condition of the display panel 300
based on the input control signals and the input image signals
R, G, and B to generate a first scanning control signal
CONT1, a data control signal CONT2, a processed image
signal DAT, and a second scanning control signal CONT3.
The signal controller 600 then transmits the generated first
scanning control signals CONT1 to the first gate driver 400,
the generated second scanning control signal CONT3 to the
second gate driver 700, and transmits the generated data
control signal CONT2 and the processed image signal DAT to
the data driver 500.

The first scanning control signal CONT1 and the second
scanning control signal CONT3 may each include a vertical
synchronization start signal STV for indicating scan start of
the high voltage Von, and at least one clock signal CLK for
controlling an output of the high voltage Von. The first scan-
ning control signal CONT1 and the second scanning control
signal CONT3 may each include an output enable signal OE
for defining a duration of the high voltage Von.

The data control signal CONT2 may include a horizontal
synchronization start signal STH for indicating data transmis-
sion for one pixel row, a load signal LOAD for instructing the
data driver 500 to apply the associated data voltages to the
data lines D1 to Dm, and a data clock signal HCLK.
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Hereinafter, referring to FIG. 5 and FIG. 6, an operation of
an OLED device according to an exemplary embodiment of
the present invention will be described in detail.

FIG. 5 shows a wave form chart illustrating an operation of
an OLED device according to the exemplary embodiment of
the present invention shown, for example, in FIG. 2.

As shown in FIG. 5, the signal controller 600 may divide
one frame 1FT into a first sub-frame T1 and a second sub-
frame T2 to display an image.

First, in a first sub-frame T1, the data driver 500 may
convert a digital image signal DAT into an analog data voltage
Vdat and may apply the analog data voltage Vdat to the
corresponding data lines D, to D,,,.

In the first sub-frame T1, the first scanning driver 400 may
change a level of a scanning signal Vg, applied to an odd-
numbered line, for example the i-th line G, of the first scan-
ning signal lines, into a high level Von in response to the first
scanning control signal CONT1 from the signal controller
600. The second switching transistor Qs2’s control terminal
coupled with the i-th line G, of the first scanning signal lines
and is turned on by the high-level scanning signal Von to
apply a reverse bias voltage Vneg to the control terminal of
the driving transistor Qd. Additionally, capacitor Cst is
charged to the corresponding voltage. Then, the reverse bias
voltage Vneg may turn off the driving transistor Qd and may
have a polarity opposite to that of the data voltage Vdat. The
reverse bias voltage may be equal to or less than OV.

The second scanning driver 700 can maintain the voltage
level of the scanning signal V'g; applied to the i-th line G'; of
the second scanning signal lines as the low level Voft. The first
switching transistor Qsl’s control terminal is coupled with the
second scanning signal line G'; and is turned off when low
level signal Voff is applied. Thus, the data voltage Vdat
applied to the data line D, is not transmitted to the driving
transistor Qd.

Accordingly, the driving transistor Qd is turned oft and
does not output the driving current ILD to the organic light
emitting device LD. Accordingly, a pixel PX in the odd-
numbered row does not emit light during first sub-frame T1.

Next, the first scanning driver 400 may change a level of a
scanning signal applied to an even-numbered line, for
example the (i+1)-th line G,,; of the first scanning signal
lines, into a high level signal Von. The first switching transis-
tor Qs1 connected to the (i+1)-th line G,, | of the first scanning
signal lines is turned on to transmit a data voltage Vdat from
data line D, to the control terminal of the driving transistor Qd
and charge the capacitor Cst to the corresponding voltage.

Concurrently, the second scanning driver 700 can maintain
the voltage level of the scanning signal V'g, applied to the
(i+1)-th line G',, | of the second scanning signal lines as the
low level Voff. Since the second switching transistor Qs2
connected to the second scanning signal line G'; is turned off
when low level signal Voff is applied, the reverse bias voltage
Vneg is not transmitted to the driving transistor Qd.

Accordingly, the driving transistor Qd outputs the driving
current I, , according to the data voltage Vdat to the anode of
the organic light emitting device LD. The organic light emit-
ting device LD emits light with a level of brightness that
corresponds to the applied driving current I, ,,. Accordingly, a
pixel PX in the even-numbered row emits light during first
sub-frame T1.

The aforementioned operations are thus repeated for all
pixels in the matrix to the last pixel row.

Therefore, when the reverse bias voltage Vneg is applied to
the control terminal of the driving transistor Qd, it is possible
to reduce variation in the driving transistor Qd’s threshold
voltage. Specifically, the reverse bias voltage Vneg may be
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applied to the control terminal of the driving transistor Qd to
turn off the driving transistor Qd and reduce the stress caused
by the continuous driving of current.

When the first sub-frame T1 ends and the second sub-frame
T2 starts, the data diver 500 may convert the digital image
signal DAT into the analog data voltage Vdat again and trans-
mit the analog data voltage Vdat to the corresponding data
lines D, to D,,. Then, the analog data voltage Vdat of the
second sub-frame T2 is the same as that of the first sub-frame.

The second scanning driver 700 may change a level of a
scanning signal V'g, applied to the second scanning signal line
G', into a high level Von in response to the second scanning
control signal CONT3 of the signal controller 600. Concur-
rently, the first scanning driver 400 can maintain a level of
scanning signal Vg, applied to the first scanning signal line G,
at a low level Voff in response to the first scanning control
signal CONT1 of the signal controller 600. Accordingly, a
pixel PX in the odd-numbered row emits light and a pixel PX
in the even-numbered row does not emit light during second
sub-frame T2.

The driving transistor Qd of the odd-numbered row and the
organic light emitting device LD are driven in the second
sub-frame T2 and halt operation in the first sub-frame T1, and
the driving transistor Qd of the even-numbered row and the
organic light emitting device LD are driven in the first sub-
frame T1 and halt operation in the second sub-frame T2.

In another exemplary embodiment of the present invention,
the first sub-frame and second sub-frame may be the same. In
addition, when the frame frequency of'the input image signals
R, G, and B is 60 Hz, the signal controller 600 may transmit
the output digital image data DAT to the data driver 500 at a
frame frequency of 120 Hz.

FIG. 6 shows a schematic view of a screen of the OLED
device that displays an image according to the driving method
shown in FIG. 5.

Referring to FIG. 6, at the start of first sub-frame T1, no
light is emitted from pixels in the even-numbered pixel rows.
Accordingly, only a black image is displayed on the even-
numbered pixel rows since the reverse bias voltage Vneg is
applied to the control terminal of driving transistor Qd, turn-
ing driving transistor Qd off. When the first sub-frame T1
starts and driving transistors Qd in even-numbered pixel rows
are turned on, the image according to the data voltage Vdat is
displayed on the even-numbered pixel rows from the top
portion of the screen, and the black image according to the
reverse bias voltage Vneg is displayed on the odd-numbered
pixel rows.

Accordingly, during sub-frame T1, which may be half of
frame 1FT, the image is displayed on the even-numbered
pixel rows of the entire screen.

Next, when the second sub-frame T2 starts, the black
image according to the reverse bias voltage Vneg is displayed
on the even-numbered pixel rows from the top portion of the
screen, and the image according to the data voltage Vdat is
displayed on the odd-numbered pixel rows.

A pixel PX may emit light after the data voltage Vdat is
applied to the control terminal of driving transistor Qd until
the reverse bias voltage Vneg is applied to the control terminal
of driving transistor Qd. After the reverse bias voltage is
applied, the pixel may not emit light until the data voltage
Vdat of the next frame is applied. Accordingly, since the
pixels do not emit light for a half of one frame 1 FT, it is
possible to prevent a blurring phenomenon that results in an
unclear image on the screen.

As described above, since the reverse voltage is applied to
the alternate rows, it is possible to prevent variation of the
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threshold voltage ofthe driving transistors Qd and prevent the
blurring phenomenon by an impulsive effect.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A display apparatus comprising:

a light emitting element;

a driving transistor for the light emitting element;

a first switching transistor coupled with the driving tran-
sistor to transmit a data voltage; and

a second switching transistor coupled with the driving
transistor to transmit a reverse voltage;

a first pixel including the first switching transistor and the
second switching transistor, and the first pixel emits light
when the first switching transistor is turned on for a first
time period;

a second pixel including a third switching transistor and a
fourth switching transistor, and the second pixel emits
light when the third switching transistor is turned on for
a second time period that is different from the first time
period;

a first group of scanning signal lines, a first scanning signal
line in the first group of scanning signal lines is coupled
with the first switching transistor, and a second scanning
signal line in the first group of scanning signal lines is
coupled with the fourth switching transistor;

a second group of scanning signal lines, a first scanning
signal line in the second group of scanning signal lines is
coupled with the second switching transistor, and a sec-
ond scanning signal line in the second group of scanning
signal lines is coupled with the third switching transis-
tor;

a first scanning driver to sequentially apply a first voltage
for turning on switching transistors coupled with scan-
ning signal lines of the first group of scanning signal
lines; and

a second scanning driver to sequentially apply a second
voltage for turning on the switching transistors coupled
with scanning signal lines of the second group of scan-
ning signal lines.

2. The display apparatus of claim 1, wherein the first
switching transistor and the second switching transistor are
alternately turned on.

3. The display apparatus of claim 1, wherein the first time
period and the second time period are alternately repeated.

4. The display apparatus of claim 3, wherein the first pixel
is arranged in a first row of pixels, the second pixel is arranged
in a second row of pixels, and the first row and the second row
are arranged adjacent to each other.

5. The display apparatus of claim 4, wherein the second
scanning driver sequentially applies the first voltage to the
scanning signal lines of the second group of scanning signal
lines after the first scanning driver has sequentially applied
the first voltage to all the scanning signal lines of the first
group of scanning signal lines.

6. The display apparatus of claim 5, wherein a duration of
the first time period is substantially the same as a duration of
the second time period.

7. The display apparatus of claim 6, further comprising:

a data line coupled with the first switching transistor to

transmit a data voltage to the first pixel; and
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adata driver coupled with the data line to generate the data
voltage and apply the data voltage to the data line.

8. The display apparatus of claim 7, wherein the data driver
sequentially applies substantially the same data voltage to the
data line twice.

9. The display apparatus of claim 1, wherein the reverse
voltage has a level to turn off the driving transistor.

10. The display apparatus of claim 1, wherein the display
apparatus comprises an organic light emitting diode device.

11. The display apparatus of claim 1, wherein a semicon-
ductor layer of the driving transistor, the first switching tran-
sistor, or the second switching transistor comprises amor-
phous silicon.

12. The display apparatus of claim 1, wherein the first
switching transistor is coupled with a control terminal of the
driving transistor, and the second switching transistor is
coupled with the control terminal of the driving transistor.

13. The display apparatus of claim 1, wherein the reverse
voltage has a polarity opposite to that of the data voltage.

14. A display apparatus comprising:

a light emitting element;

a driving transistor for the light emitting element;

a first switching transistor coupled with the driving tran-
sistor to transmit a data voltage;

a second switching transistor coupled with the driving
transistor to transmit a reverse voltage;

a first pixel including the first switching transistor and the
second switching transistor, and the first pixel emits light
when the first switching transistor is turned on for a first
time period;
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a second pixel including a third switching transistor and a
fourth switching transistor, and the second pixel emits
light when the third switching transistor is turned on for
a second time period that is different from the first time
period;

a first group of scanning signal lines, a first scanning signal
line in the first group of scanning signal lines is coupled
with the first switching transistor, and a second scanning
signal line in the first group of scanning signal lines is
coupled with the fourth switching transistor;

a second group of scanning signal lines, a first scanning
signal line in the second group of scanning signal lines is
coupled with the second switching transistor, and a sec-
ond scanning signal line in the second group of scanning
signal lines is coupled with the third switching transis-
tor;

a first scanning driver to sequentially apply a first voltage
for turning on switching transistors coupled with scan-
ning signal lines of the first group of scanning signal
lines; and

a second scanning driver to sequentially apply a second
voltage for turning on the switching transistors coupled
with scanning signal lines of the second group of scan-
ning signal lines,

wherein the first switching transistor and the second
switching transistor are turned on at different times.



